Photosensitivity is an abnormal skin reaction to direct sunlight exposure. Photosen sitivity occurred because of failure to excrete phylloerythrin due to hepatic dysfunction. Foxtail millet feeding can induce hepatotoxic photosensitization and influence on different organs. This study attempts to evaluate renal function and serum electrolyte status in sheep and goats experimentally feeding foxtail millet. Twelve male goats and sheep were kept in the sunlight. The animals were fed foxtail millet diet freely in a eight-week experimental period. Blood urea nitrogen (BUN), creatinine, sodium, potassium, phosphorus, magnesium, hematocrit and hemoglobin were measured until last day of experiment in a weekly manner. On the last day, the animals were euthanized and kidneys were removed for pathologic examination. Data were analyzed using repeated measurement analysis by SPSS software (version 20). Three sheep showed clinical signs of photosensitivity. BUN showed a decreasing trend from the second week of the experiment. Creatinine was increased in the six and second weeks. An increase in sodium concentration in goats from fourth week was significant. Sodium levels in sheep showed a fluctuational change. Potassium and phosphorus of sheep and phosphorus in the blood of goats were increased from the second week. Potassium in goats was constant during the time. Magnesium in the blood of sheep and goats was increased from the third and fourth weeks, respectively. The hematocrit and hemoglobin increased significantly over time. Moderate to severe hyperemia with abundant deposits of blue-violet material in the collecting ducts and mild degenerative changes in the convoluted tubules in sheep kidneys and congestion in the center of the goats' kidney were seen. In conclusion, feeding the foxtail millet can cause renal dysfunction, and changes in the balance of some serum electrolytes.
Introduction
Phylloerythrin is the photodynamic agent in sensitivity to light by origin of liver toxicity. Hepatogenous photosensitization is the most frequent type of photosensitivity observed in livestock. Phylloerythrin is derived from the breakdown of chlorophyll by microorganisms present in the gastrointestinal tract. Photosensitivity occurred because of failure to excrete phylloerythrin due to hepatic or renal dysfunction. 1 Oxidative damage will be seen after accumulation of phylloerythrin in the derm and exposed the skin to the sun's ultraviolet radiation. 2 Various species of millet, due to substances such as oxalates, steroidal saponines, nitrate and cyanogenic products can cause hepatogenic photosensitization in animals. 3, 4 Saponines are the most important factors in creating this type of hepatogenic photosensitization. 5 Various plants cause hepatogenic photosensitization by the mechanisms of liver dysfunction 6 and species of millet such as Panicum dichotomiflorum cause sensitivity to light in sheep, horse, goats and cattle. 7 There are sporadic reports of photosensitization associated with liver dysfunction in Iran. There is a report from a flock with 253 sheep grazed on Panicum miliaceum, in the Fars province. 8 Varying degrees of jaundice and the pallor of mucous membranes induced by liver damages were found in further study in sheep experimentally intoxicated with this type of millet. 9 In an experimental study in sheep and goats, the hepatogenic photosensitization was found during feeding Tribulus terrestris. 10, 11 Sheep and goats in some areas of Iran such as South Khorasan province were fed foxtail millet (Setaria italica) (Figure 1 ) routinely. 12 The first place for production of foxtail millet in the country is the city of Birjand. The authors have been confirmed hepatotoxic photosensitization and impairment of different organs except kidneys in sheep and goats by experimentally feeding foxtail millet. 3, 13 According to the literatures, effects of foxtail millet on kidney have not been performed yet. This study attempts to evaluate the renal function and serum electrolyte status in sheep and goats experimentally feeding foxtail millet.
Materials and Methods
The study was done during the summer 2010, in the Animal Husbandry Station of Birjand University. Birjand climate is dry, with intense sun radiation. Six male Balluchi sheep (weight of 21±2 kg), white and six native male goats (average weight of 16.5±2.5 kg) dark with age of four to five months were kept under the same conditions. Foxtail millet grass harvested in vegetative, flowering and seed formation steps. All procedures were performed based on the research of Izadi and colleagues. 12 Harvested forages moved to the shade at any stage and after drying and packaging, were stored in order to feed the animals. Before starting the study, vaccination, and use of anti-parasitic drugs (Albendazole and ivermectin, Erfan Darou, Iran) in routine procedures were performed. Sheep and goats were kept for two weeks before feeding foxtail millet in the open air in the enclosed space (twenty square meters for sheep and goats that was separated by wire mesh) and without protection against sunlight for adaptation to new environments. At this time, sheep and goats had free access to alfalfa and tap water. The study lasted for 10 weeks (two weeks adaptation period, eight weeks, feeding millet). Animals received foxtail millet and water ad libitum. Weighing and blood sampling were done in weekly manner. The results of the first blood sampling (before taking foxtail millet) were considered as a control group. Blood samples were centrifuged at 750g for 10 minutes. Serum was frozen at -20°C until further analysis. Two milliliter of blood was taken in the tubes containing ethylenediamine tetraacetic acid (EDTA) anticoagulant for hemoglobin and hematocrit determination. The autoanalyzer (Prestige, 24i, Japan) was used to measure blood parameters. Mg was determined by colorimetric method using xylidyl blue 14 and plasma phosphorus was measured by photometric method. 15 The amount of sodium and potassium was determined by flame photometer (SEACFP20, Japan). 16 Creatinine was measured by JAFFE method. 17 Urea in serum was measured by photometric method based on Urease-GLDH. 18 Hematocrit was expressed in terms of the volume of red blood cells in 100 mL of blood. Determination of hematocrit was performed by specific centrifugation for hematocrit. Hemoglobin was determined by counter apparatus. 19 Pars Azmoon diagnostic kits (Iran) were used for measuring the variables. On the last day, the animals were euthanized and kidneys were removed for the pathologic examination. The samples fixed in 10% formalin buffer at room temperature. After fixing the tissue, it was thoroughly washed under running water and dehydrated in ascending grades of ethyl alcohol, cleared, and embedded in soft paraffin. Tissue sections of about 5 m were obtained, and stained using hematoxylin and eosin (H&E) staining method, and examined under light microscope. 20 normality of the data was performed using the Kolmogorov-Smirnov test. The data are presented as mean ± standard deviation (SD). Significant differences between the various experimental parameters measured in weeks rather than the first week was performed by repeated measurement using the Least Significant Difference (LSD) test. Differences in P<0.05 were considered significant.
Results
At the end of the study, three lambs showed clinical signs of hepatogenic photosensitization including erosions and ulcers in head, face, ears and eyelids. Ears hyperemia, yellowish sclera and congectiva and mild inflammation of the face were also noticed. Clinical and dermal signs in goats were lesser than sheep. In three goats, ear hyperemia, mild yellowish sclera and conjunctiva, and mild inflammation of face were seen. In sheep and goats, a loose defecation (not diarrhea) was seen form the second weeks of the experiment. The level of BUN, creatinine, electrolytes, pack cell volume (PCV) and hemoglobin (Hb) showed significant changes during the experiment in comparison with first time of bleeding in goats and sheep (P≤0.05). Potassium level was constant during the study. The BUN decreased from the second weeks of study. The level of creatinine from 6 th week and from the 2 nd week showed significant differences in sheep and goats respectively (P≤0.05) ( Table 1) . Gradually increasing the concentration of sodium in goats was seen. This increased level was significant from 4 th week of the experiment (P≤0.05). The amount of sodium in sheep showed significant fluctuation alterations. The potassium and phosphorus in the blood of sheep and phosphorus levels in the blood of goats increased from the second week. The blood magnesium in sheep and goats were increased in the third and fourth weeks ( Table  2 ). Hematocrit and hemoglobin levels were significantly increased over time (P≤0.05) ( Table 3 ). In both animals kidney failures was observed in the pathological examinations. sence of great blue-purple materials (sediments) in collecting ducts along with mild to severe degenerative changes of convoluted tubules in kidney of sheep were found ( Figure  2 ). The most significant findings were congestion in the center of the entire goats' kidney ( Figure 3 ).
Discussion and Conclusions
Regardless of the mechanism or photodynamic agent, clinical signs in affected animals are similar. Animals show symptoms including restlessness, avoid of light and intense itching. Usually, animals with a dark color or those who are away from sunlight did not show apparent symptoms of photosensitivity. But animals with white skin, especially in parts without pigments show signs of photosensitivity in the exposed regions to the sun. 10 In the present study, three sheep showed clinical signs of hepatogenic photosensitization at the end of the experiment. Observation of photosensitivity symptoms in sheep probably was due to white, less woolly and existence of abundant vessels in the affected area. Ears hyperemia, slight yellowish eyes and swollen face were seen in goats. Probably dark coat of goats, with the existence of pigments in the hair and skin, provides skin protection and absorbed light energy before to activate photodynamic agents and induced skin damage. 1 In the study conducted by Badiei and colleagues, 9 one of the sheep fed with Panicum miliaceum showed symptoms of photosensitivity include swelling of the eyelids, face and edema in lower jaw. Riet-Correa and colleagues, 7 reported photosensitivity symptoms in sheep after feeding with Panicum dichotomiflorum include face edema, dermatitis (mainly on the face and ears), ocular discharge and redness of hoof crown. In this study, pathological examination of the kidneys, showed congestion and deposits in collecting ducts. Some degenerative changes were observed in the convoluted tubules of sheep kidney. Congestion in the center of the kidney of goats was seen. These observed lesions are in agreement with reports of natural and experimental poisoning by plants with saponins. Aslani and colleagues 10,11 on experimental sheep poisoning by Tribulus tristris, were observed renal inflammations, crystals in the tubules and necrosis. The presence of sediments or crystals in the renal tubules of sheep was reported by Brum and colleagues 4 in poisoning with Brachiaria decumbens. The BUN level was significantly reduced in sheep and goats from the second week (P≤0.05). Urea production is almost exclusively conducted in the liver. Low levels of BUN, probably seen due to decrease of liver active mass, were reported. 8 The serum creatinine in sheep and goats showed an increasing trend over the experiment. In sheep, the mean concentration of creatinine in the first sampling time was significant compared to the sixth, seventh and eighth sampling (P≤0.05). Serum creatinine is a more accurate index for assessment of renal function. The concentration of serum creatinine is slightly affected by diet and catabolic factors. 21 Increased levels of creatinine and BUN, due to kidney damages, were reported by Aslani and colleagues in the experimental feeding of Tribulus tristris to sheep 11 and goats. 10 In a study on sheep fed Panicum miliaceum, a significant increase in BUN and creatinine was reported by Badiei and colleagues 9 due to the effect of the plant on renal function. In the incidence of hepatogenous photosensitization in animals fed on Panicum miliaceum pasture, a significant increase in serum creatinine was observed by Nazifi and colleagues. 8 Sodium concentration decreased and increased in sheep in swinging manner. The mean of the five and eight sampling times were statistically significant compared to the first sampling (P≤0.05). But significantly increased over the study period in goats (P≤0.05). Increase blood sodium is a sign of dehydration. 22 No significant differences in the concentrations of sodium, potassium and phosphorus were observed in an experimental poisoning of sheep by Tribulus tristris. 10 An increased potassium level was reported in experimental poisoning of goats by Tribulus tristris. 11 No significant changes were found in the serum concentrations of sodium, and potassium, in feeding sheep by Panicum miliaceum. 9 But phosphorus concentrations increased significantly due to the effect of Panicum miliaceum on the function of the kidneys. The blood potassium levels significantly increased compared to the first sampling in sheep (P≤0.05). The higher blood potassium could be due to renal retention of potassium in acute renal failure and/or tissue necrosis. 23 By reviewing the scientific literatures, any reason for the stability of serum potassium in goats during the study was not observed. The magnesium concentration was significantly increased in sheep and goats during the experimental period (P≤0.05). Increase blood magnesium can induce by renal failure. 8 The concentration of phosphorus in the evaluated animals during different weeks showed a significant increase compared to the first sampling time (P≤0.05). Kidney damage can lead to reduced glomerular filtration and increased blood phosphorus in sheep and goats. 8, 23 Increase blood hemoglobin in sheep and goats from the fourth to the eighth weeks of sampling was significant (P≤0.05). The hematocrit showed statistically significant increase in goats and sheep all the time and in the 4 th to the 7 th weeks of study, respectively (P≤0.05). Increased hematocrit or corpuscular volume also can help to confirm the clinical symptoms of dehydration. 22 The reduction in BUN is due to kidney and liver damages from the second week of study. Despite the amount of creatinine in sheep increased later than goats (respectively from the sixth and second week), but the clinical signs and pathological lesions related to photosensitivity in all sheep were more severe than the goats. The color difference between sheep (white) and goats (dark) and biological diffe- rences between the species can be considered in the current event. Changes in electrolytes can be considered consistent with kidney failure. Use of millet pasture for grazing sheep and goats can be limited for up to a week. One of the limitations in this study was the problem that the first week samples were considered as control. However, conducting the experiments on the higher number of animals and using proper controls for each week of the experiment is recommended to overcome the limitations of the current study. The determination of Saponins and other natural compounds will also help to further research. 24 
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